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Abstract 
Purpose: There have been only a limited number of studies examining the accommodative 
response that occurs when the two eyes are provided with disparate accommodative stimuli, 
and the results from these studies to date have been equivocal.  In this study, we therefore 
aimed to examine the capacity of the visual system to aniso-accommodate by objectively 
measuring the interocular difference in the accommodation response between fellow 
dominant and non-dominant eyes under controlled monocular and binocular viewing 
conditions during short-term exposure to aniso-accommodative stimuli. 
Methods: The accommodative response of each eye of sixteen young isometropic adults 
(mean age 22 ± 2 years) with normal binocular vision was measured using an open-field 
autorefractor during a range of testing conditions; monocularly (accommodative demands 
ranging from 1.32 to 4.55 D) and binocularly while altering the accommodation demand for 
each eye (aniso-accommodative stimuli ranging from 0.24 to 2.05 D). 
Results: Under monocular viewing conditions, the dominant and non-dominant eyes 
displayed a highly symmetric accommodative response; mean interocular difference in 
spherical equivalent 0.01 ± 0.06 D (relative) and 0.22 ± 0.06 D (absolute) (p>0.05).  During 
binocular viewing, the dominant eye displayed a greater accommodative response (0.11 ± 
0.34 D relative and 0.24 ± 0.26 D absolute) irrespective of whether the demand of the 
dominant or non-dominant eye was altered (p = 0.01).  Astigmatic power vectors J0 and J45 
did not vary between eyes or with increasing accommodation demands under monocular or 
binocular viewing conditions (p>0.05). 
Conclusion: The dominant and non-dominant eyes of young isometropic individuals display 
a similar consensual lag of accommodation under both monocular and binocular viewing 
conditions, with the dominant eye showing a small but significantly greater (by 0.12 to 0.25 
D) accommodative response.  Evidence of short-term aniso-accommodation in response to 
asymmetric accommodation demands was not observed. 
 
  
Introduction 
Since the intraocular muscles are controlled by signals originating in the mid-brain, it is often 
assumed that innervation to the ciliary muscle is bilaterally symmetrical and therefore any 
change in accommodation occurs equally in both eyes (i.e. a yoked consensual response).  
Wolff,1 however, suggested that the evolution of the Edinger-Westphal nucleus from a 
singular entity in rodents and carnivores to a paired structural arrangement in higher apes 
and humans, points to evidence for a mechanism of independent unilateral accommodation.  
This would be a particularly useful adaptation, since fixation away from the mid-sagittal plane 
induces a difference in the accommodation demand between the fellow eyes, requiring 
interocular differences in refractive power to achieve optimum focus in each eye.  A similar 
scenario arises (i.e. an interocular difference in refractive power) in uncorrected or spectacle 
corrected anisometropia, when an object is viewed either at, or away from the midline. 
 
Interocular asymmetries in accommodative demand increase with factors such as; closer 
working distances, further object displacement from the midline, larger interpupillary 
distances (PD), increasing head tilt and greater magnitudes of anisometropia.2  
Consequently, during near fixation, the accommodative demand is rarely equal between the 
two eyes.  For example, reading text at the edge of an A4 page (18 cm width), with the page 
centred on the midline and a stationary head position, induces a clinically significant (i.e. 
greater than 0.25 D) interocular difference in the accommodation demand of 0.28 D 
(assuming a PD of 60 mm and a working distance of 25 cm) when reading from the centre to 
the side of the page. 
 
Given that interocular differences in accommodation demands are readily induced during 
fixation away from the midline, a number of studies have examined the between eye 
symmetry of accommodation under both monocular and binocular viewing conditions.  In 
1922, Duane3 compared the monocular amplitudes of accommodation between the two 
eyes, using a subjective technique, of over two thousand patients and observed that “not 
infrequently the accommodation is found to be unequal.”  Despite naming the condition 
“anisocyclosis”, the magnitude or prevalence was not reported, however the inequality was 
attributed to an unequal rigidity of the crystalline lenses.  More recent studies4-6 have 
attempted to quantify the magnitude of interocular differences in accommodation under 
monocular viewing conditions using a variety of approaches, and indicate that the 
accommodative response of each eye may vary by 0.12 D to 0.40 D between the fellow 
eyes, under identical controlled experimental conditions.  Microfluctuations in 
accommodation7 and the resting (tonic) level of accommodation8 also display a high degree 
of symmetry between the eyes in healthy young individuals. 
 
The results from studies examining interocular differences in the accommodative response 
to anisometropic stimuli during binocular viewing however, have been less consistent.  Koh 
and Charman9 reported that the eye which requires the least accommodative effort will guide 
the accommodative response in both eyes.  On the other hand, Marran and Schor10 
observed that following unlimited prior training, subjects could aniso-accommodate to 
approximately one quarter of the interocular difference in demand (with up to 3 minutes 
allowed to initiate aniso-accommodation), while for asymmetric demands of greater than 
3.00 D, suppression occurred in the eye with the higher accommodation demand.  However, 
it should also be noted that only participants who demonstrated the capacity to aniso-
accommodate following training were included in this study.  Conflicting evidence also exists 
in animal models of aniso-accommodation; Troilo et al11 suggested that the binocular 
accommodative response of marmosets was an average of the two different demands, while 
Flitcroft et al12 described a bilateral under-accommodation to asymmetric demands imposed 
upon monkeys. 
 
None of the above studies however, have considered the dynamics of the binocular 
accommodative response with respect to ocular sighting dominance, which refers to the 
preference of visual input from one eye over the other during binocular viewing.  Heron and 
Winn13 did observe that the latency period to initiate accommodation and the magnitude of 
the accommodative response, did not vary between the dominant and non-dominant eye in 
monocular or binocular conditions, while others suggest that the dominant eye controls the 
accommodative response during binocular viewing.14  Interestingly, ocular dominance 
appears to be associated with the magnitude of anisometropia, at least in adult Asian 
populations.15  While no studies have investigated the binocular accommodative response in 
anisometropia, monocular accommodation appears to be relatively symmetrical between the 
more and less myopic eyes of anisometropes.16 
 
Previous studies investigating the interocular symmetry of accommodation and the 
accommodative response during imposed anisometropia (asymmetric accommodation 
demands) have therefore produced conflicting results.  These studies have also been limited 
by low subject numbers (typically less than 10), subjective or less reliable objective 
measurement techniques (e.g. retinoscopy) and have not considered the potential role of 
ocular dominance or changes in astigmatism during accommodation.  In this study, we 
systematically investigated the symmetry of the accommodative response between the 
dominant and non-dominant eye under monocular viewing conditions and the capacity of the 
visual system to actively aniso-accommodate in the short-term to asymmetric 
accommodative demands under binocular viewing conditions using an objective 
autorefractor in non-naïve participants. 
 
Methods 
Screening 
This study was conducted in accordance with the tenets of the Declaration of Helsinki and 
was approved by the Queensland University of Technology (QUT), Human Research Ethics 
Committee.  Participants were recruited from the QUT School of Optometry and Vision 
Science and written informed consent was obtained prior to study commencement.  Each 
participant underwent an initial ophthalmic screening to rule out any ocular abnormalities and 
determine their suitability for inclusion in the study.  Participants were excluded if they 
exhibited best corrected distance visual acuity of worse than 0.00 logMAR in either eye, an 
interocular difference in best corrected visual acuity ≥0.10 logMAR, stereoacuity >60 
seconds of arc (TNO test), any evidence of strabismus, amblyopia or an ocular motility 
disorder, any history of ocular disease, surgery or any known binocular vision or 
accommodative abnormality, or if taking any systemic medications that might influence 
accommodation.  Binocular vision and accommodative status were determined by assessing 
monocular amplitudes of accommodation (push-up technique), ocular alignment (distance 
and near unilateral and alternating cover test), horizontal and vertical heterophoria (Howell-
Dwyer card and Maddox rod respectively) and the near point of convergence (NPC).  All 
participants were isometropic (interocular differences of spherical and spherical equivalent 
refraction [SER] of ≤0.50 D) and exhibited ocular astigmatism ≤0.50 D as determined by 
non-cycloplegic subjective refraction.  Sighting ocular dominance was determined once, 
using the hole-in-hand test (Miles test) (a modification of the hole-in-the-card, or Dolman 
test).17  Participants viewed a distant target through a small opening formed by their hands 
outstretched at arm’s length.  Each eye was then alternately occluded to determine which 
eye (i.e. the dominant sighting eye) was fixating the target. 
 
Procedure 
Ametropic participants were corrected with soft spherical disposable contact lenses to 
standardise the accommodative demand between all participants at the corneal plane and 
eliminate significant changes in vergence demand due to off-axis viewing through spectacle 
lenses.  A non-cycloplegic sphero-cylindrical subjective over refraction was also conducted 
for participants who were corrected with contact lenses during the experimental procedure. 
 
A Shin-Nippon NVision K5001 open-field autorefractor (www.shin-
nippon.jp/products/nvk5001/index.html) was used to measure the refractive error of each 
eye (in 0.125 D steps for sphere and cylinder and 1 degree increments for axis) under 
monocular and binocular viewing conditions in a controlled environment designed to provide 
strong directional cues for accommodation, maintain a constant depth of focus and control 
accommodative fluctuations.  Participants viewed a Maltese cross target, surrounded by a 
black background, aligned in the mid-sagittal plane positioned 40 cm from the corneal plane, 
through two 3 mm circular apertures (positioned 18 cm from the corneal plane, outside the 
path of the instrument measurement beam) (Figure 1).  The two apertures housed trial lens 
holders surrounded by black cardboard and were separated by 3.57 cm for an interpupillary 
distance of 62 mm.  From the participant’s perspective, when viewed binocularly through the 
fused egocentric aperture, the Maltese cross appeared suspended in space with a black 
surround, which limited other extraneous accommodative stimuli.  The maximum prismatic 
effect induced for the range of interpupillary distances of our participants (57-67 mm) for the 
set aperture separation of 62 mm in the experimental set up in conjunction with the trial 
lenses used to induce asymmetric accommodative demands was ~0.50 ∆.18  Participants 
were instructed to fixate the centre of the Maltese cross and keep the target “as clear as 
possible at all times”. 
 
 
 
Figure 1.  Schematic of experimental set up which allowed the objective measurement of 
the refractive error of each eye while participants viewed a Maltese cross positioned 40 cm 
from the eye.  Interocular differences in the accommodation demand were induced by 
placing full aperture trial lenses (±0.25 D, ±0.50 D, ±1.00 D and ±1.50 D) in front of the 
dominant or non-dominant eye positioned 18 cm from the corneal plane.  The grey line 
represents the instrument beam splitter, the dashed line the line of sight and the dot-dash 
line the instrument beam path. 
 
To induce an aniso-accommodative stimulus, full aperture trial lenses of spherical powers 
±0.25 D, ±0.50 D, ±1.00 D and ±1.50 D were inserted in to the lens holder before the right or 
left eye (positioned 18 cm from the corneal plane).  That is, each trial lens power was tested 
with each eye, but the fellow eye was always optimally corrected.  Both the order of eye 
measurement and lens power were randomised.  The refractive error (accommodative 
response) of each eye was measured using the autorefractor centred on the pupil.  Six 
measurements were captured for each condition tested and later averaged.  The Maltese 
cross viewed at 40 cm in conjunction with the above trial lenses placed at the 18 cm vertex 
distance yielded accommodative stimuli of 1.32 D, 1.65 D, 2.04 D, 2.26 D, 2.50 D, 2.76 D, 
3.05 D, 3.72 D and 4.55 D.  Introduction of the various trial lenses in front of either eye, 
during binocular viewing, resulted in the aniso-accommodative stimuli.  The positive trial 
lenses induced interocular differences in the accommodation demand of; 0.24 D (+0.25 D 
lens), 0.46 D (+0.50 D lens), 0.85 D (+1.00 D lens) and 1.18 D (+1.50 D lens), whereas the 
negative trial lenses induced asymmetries of; 0.26 D (-0.25 D lens), 0.55 D (-0.50 D lens), 
1.22 D (-1.00 D lens) and 2.05 D (-1.50 D lens).  For example, a -1.00 D trial lens placed in 
front of the dominant eye (18 cm from the cornea while viewing the target at a distance of 40 
cm) and no lens placed in front of the non-dominant eye (while viewing the target at a 
distance of 40 cm) resulted in an aniso-accommodative stimuli of 1.22 D (a 3.72 D demand 
for the dominant eye and a 2.50 D demand for the non-dominant eye).  The accommodative 
response of the dominant and non-dominant eye was measured over the range of demands 
(1.32 to 4.55 D) under two different viewing conditions.  Firstly monocularly (for both the 
dominant and non-dominant eye), with the fellow eye occluded, then, under binocular 
viewing conditions with the various aniso-accommodative stimuli introduced in front of the 
dominant and non-dominant eye in a randomised order.  Participants viewed the target for 
ten seconds before measurements were captured and were masked to the power of the trial 
lens introduced.  This ten second period of target viewing imposed upon all participants in 
the current study was chosen to allow for a potential aniso-accommodative latency period to 
pass,10 and limit the potential for longer-term adaptations to the unequal accommodative 
demands.  The aniso-accommodative stimuli did induce small magnification differences 
between the two eyes (maximum ~0.3x).  However, by using a Maltese cross fixation target, 
this change in retinal image size should not have affected the apparent shape of the Maltese 
cross. 
 
Prior to undertaking measurements during binocular viewing with a range of asymmetric 
accommodation demands, the accommodation response of each eye was measured under 
binocular viewing conditions with no trial lens in place (i.e. a 2.50 D accommodation demand 
for each eye).  These measurements (symmetrical demand) were then repeated during and 
following the series of measurements obtained with aniso-accommodative stimuli, to 
examine the potential effect of fatigue upon accommodation or aniso-accommodation as a 
result of the measurement protocol. 
 
Statistical analysis 
The objective autorefraction results (sphere, cylinder and axis) for both eyes during each 
viewing condition and each accommodation stimulus were converted to refractive power 
vectors19 M (spherical equivalent), J0 (astigmatism along 90/180) and J45 (astigmatism 
along 45/135) for averaging.  All left eye data were converted to right eye data by rotation 
around the vertical midline to avoid errors associated with astigmatic enantiomorphism, 
since right and left eyes were averaged when classified as dominant or non-dominant eyes.  
The accommodative response was calculated by subtracting the autorefraction result from 
the habitual/residual subjective refractive error (after conversion to refractive power vectors) 
which was then averaged for the dominant and non-dominant eyes.  The change in M, J0 
and J45 for each monocular accommodation stimulus or binocular aniso-accommodation 
stimuli was examined. 
 
All statistical analyses were conducted using SPSS (www.ibm.com/software/analytics/spss).  
Paired data were analysed using a paired t-test (e.g. comparison of monocular amplitudes of 
accommodation between the fellow eyes).  A two-way repeated measures analysis of 
variance (ANOVA) was used to examine the objectively measured accommodative response 
under monocular viewing conditions with two within-subject factors of “Eye” (dominant or 
non-dominant eye) and “Accommodation Demand” and their interaction (i.e. Eye x 
Accommodation Demand).  A three-way repeated measures ANOVA was used to examine 
the accommodative response under binocular viewing conditions with two within-subject 
factors (Eye and Accommodation Demand, as for the monocular response analysis) and a 
between subject factor of “Laterality” of the aniso-accommodative stimulus (i.e. whether the 
trial lens was placed in front of the dominant or non-dominant eye).  All possible two and 
three way interactions were also examined.  For the repeated measures ANOVA’s, the Eye 
variable was included as a within subject factor to retain the paired nature of the data.  Data 
presented in this manuscript are the mean (± standard deviation) and the interocular 
differences in the accommodation response are reported as both relative (i.e. the dominant 
minus the non-dominant eye) and absolute difference values (i.e. the unsigned magnitude of 
the difference). 
 
Results 
Sixteen healthy, young participants aged between 18 and 35 years were recruited (mean 
age 22 ± 2 years), including 10 females and 6 males, half of which were of East Asian 
descent and half Caucasian.  All participants displayed normal accommodative and 
binocular vision function including; stereoacuity (mean 50 ± 16 seconds of arc), NPC (mean 
5.7 ± 2.0 cm), amplitude of accommodation (mean R 10.82 ± 1.75 D, L 10.77 ± 1.87 D) and 
horizontal dissociated heterophoria (distance 0.7 ± 1.3 ∆ exophoria and near 3.5 ± 3.5 ∆ 
exophoria).  The majority of participants were emmetropic (n = 10, SER ≤±0.25 D) with the 
remaining participants low myopes (SER between -0.50 D and -3.50 D) who wore their 
habitual spherical soft contact lens correction during testing.  All participants were 
isometropic with mean absolute anisometropia of 0.13 ± 0.18 D (sphere), 0.09 ± 0.13 D 
(SER) and 0.11 ± 0.16 D (astigmatism).  Half of the participants were right eye dominant. 
 
There were no statistically significant differences between the dominant and non-dominant 
eyes with respect to spherical refractive error (dominant -0.52 ± 0.96 D, non-dominant -0.52 
± 0.95 D, t15 = 0.00, p = 1.00), astigmatic refractive error (dominant -0.08 ± 0.12 D, non-
dominant -0.09 ± 0.18 D, t15 = 0.32, p = 0.75) or visual acuity (dominant -0.08 ± 0.12 
logMAR, non-dominant -0.07 ± 0.06 logMAR, t15 = -1.00, p = 0.33).  Following contact lens 
correction of the myopic participants, the mean residual uncorrected (habitual) refractive 
error of all participants manifest during the experimental measurements was; dominant eyes 
sphere 0.00 ± 0.09 D, astigmatism -0.11 ± 0.13 D and non-dominant eyes sphere 0.03 ± 
0.13 D, astigmatism -0.16 ± 0.18 D.  That is, on average, the differences between the 
dominant and non-dominant eyes when habitually corrected were 0.05 D or less and 
therefore these subjects could be considered to be clinically isometropic. 
 
Monocular accommodative response 
The mean amplitude of accommodation assessed subjectively using the push-up technique 
did not vary significantly between fellow eyes: dominant eye 10.78 ± 1.79 D, non-dominant 
eye 10.81 ± 1.83 D (t15 = -0.19, p = 0.85); the mean relative interocular difference was -0.03 
± 0.66 D and the mean absolute interocular difference was 0.47 ± 0.45 D.  Similarly, the 
interocular symmetry of the accommodation response did not vary significantly over the 
range of accommodation demands when objectively assessed using the open-field 
autorefractor (Table 1).  Power vectors M, J0 and J45 all showed no significant between eye 
differences (M: F1,16 = 0.02, p = 0.88, J0: F1,16 = 0.36, p = 0.56 and J45: F1,16 = 1.07, p = 
0.32) and there were no Eye by Accommodation Demand interactions observed (M: F8,16 = 
0.95, p = 0.45, J0: F8,16 = 1.41, p = 0.23 and J45: F8,16 = 0.72, p = 0.60).  As expected, the 
accommodative response increased significantly with increasing accommodation demand 
(M: F8,16 = 40.5, p<0.001), however, no significant changes were observed for J0 (F8,16 = 
0.76, p = 0.58) or J45 (F8,16 = 0.96, p = 0.45).  Both dominant and non-dominant eyes 
displayed a typical accommodative response, a lag (under accommodation) during all testing 
conditions, which increased symmetrically with greater accommodation demands (Figure 2).  
Considering all of the accommodation demands, the mean relative (dominant minus non-
dominant eye) and absolute interocular difference in the monocular accommodative 
responses was 0.01 ± 0.06 D and 0.22 ± 0.06 D respectively.  Similarly, averaged over all 
accommodation demands, the mean relative and absolute interocular differences for J0 
(0.03 ± 0.24 D and 0.18 ± 0.16 D) and J45 (0.06 ± 0.26 D and 0.23 ± 0.14 D) did not reach 
clinical or statistical significance. 
 
Table 1.  Mean ± SD interocular difference in the accommodation response (relative: 
dominant minus non-dominant eye and absolute: unsigned difference between the dominant 
and non-dominant eye) under monocular viewing conditions based on power vector M 
(spherical equivalent).  The accommodation response of the dominant and non-dominant 
eye was not significantly different for any accommodation level (p>0.05). 
 
Accommodation 
demand (D) 
Interocular difference in monocular 
accommodation response (D) 
Relative Absolute 
1.32 0.06 ± 0.27 0.19 ± 0.19 
1.65 0.08 ± 0.27 0.21 ± 0.18 
2.04 0.01 ± 0.23 0.18 ± 0.14 
2.26 0.02 ± 0.25 0.21 ± 0.13 
2.50 0.08 ± 0.49 0.32 ± 0.37 
2.76 -0.08 ± 0.39 0.26 ± 0.29 
3.05 -0.06 ± 0.28 0.17 ± 0.22 
3.72 0.02 ± 0.21 0.17 ± 0.12 
4.55 -0.06 ± 0.41 0.31 ± 0.27 
Mean 0.01 ± 0.06 0.22 ± 0.06 
 
 
 
Figure 2.  The mean accommodation response of the dominant (squares) and non-dominant 
eye (circles) under monocular viewing conditions.  The accommodation response of the 
dominant and non-dominant eye was not significantly different for any accommodation level 
(p>0.05).  The dashed line represents the optimal accommodative response for each eye.  
Error bars represent the standard deviation of the mean. 
 
Binocular viewing conditions 
The between eye differences in accommodation under binocular viewing conditions are 
summarised in Table 2.  Repeated measures ANOVA revealed that, on average, the 
dominant eye displayed a slightly greater accommodative response (power vector M) under 
binocular viewing conditions compared to the non-dominant eye (relative interocular 
difference 0.11 ± 0.34 D, absolute 0.24 ± 0.26 D), irrespective of whether the 
accommodative demand of the dominant or non-dominant eye was altered (F1,16 = 7.71, p = 
0.01) (Figure 3).  Power vectors J0 and J45 did not vary between fellow eyes (J0: F1,16 = 
2.72, p = 0.11 and J45: F1,16 = 1.75, p = 0.20).  Power vector M varied with increasing 
accommodation demand (F8,16 = 10.2, p<0.001), but there were no significant two or three 
way interactions (for power vectors M, J0 or J45; all p>0.05) which suggests that the 
difference in accommodative response between the fellow eyes did not vary significantly with 
increasing accommodation demand or depend upon which eye’s accommodation demand 
was altered (i.e. there was no evidence of a significant, systematic aniso-accommodation 
response).  Figure 3 highlights that the accommodation response of each eye during 
binocular viewing appears to correspond to the lower of the two demands, irrespective of 
which eye was stimulated or whether the dominant or non-dominant eye had the lower of the 
two demands.  For all binocular testing conditions, both eyes displayed a lag of 
accommodation, except for the lowest demand when the dominant eye was stimulated (1.32 
D demand), during which the dominant eye displayed a small lead (0.14 ± 0.39 D) (Figure 
3A). 
 
Table 2.  Mean ± SD interocular difference in the accommodation response (dominant minus 
non-dominant eye) under binocular viewing conditions based on power vector M (spherical 
equivalent refraction) when the accommodation demand was altered for the dominant and 
non-dominant eye.  A positive interocular difference in accommodative demand represents a 
greater accommodative demand in the stimulated eye relative to the fellow eye, while a 
negative interocular difference in accommodative demand represents a reduced 
accommodative demand in the stimulated eye relative to the fellow eye.  The dominant eye 
displayed a slightly greater response for all accommodation demands and irrespective of the 
laterality of the imposed defocus (p = 0.01). 
 
 Interocular difference in accommodation response (D) 
Interocular difference in 
accommodation demand (D) 
Dominant eye altered Non-dominant eye altered 
Relative Absolute Relative Absolute 
-1.18 0.17 ± 0.23 0.21 ± 0.18 0.29 ± 0.78 0.38 ± 0.73 
-0.85 0.15 ± 0.31 0.24 ± 0.24 0.04 ± 0.34 0.25 ± 0.23 
-0.46 0.08 ± 0.29 0.23 ± 0.18 0.09 ± 0.33 0.28 ± 0.19 
-0.24 0.08 ± 0.25 0.20 ± 0.16 0.03 ± 0.19 0.14 ± 0.12 
+0.26 0.08 ± 0.25 0.21 ± 0.15 0.06 ± 0.30 0.23 ± 0.20 
+0.55 0.12 ± 0.33 0.27 ± 0.22 0.07 ± 0.26 0.24 ± 0.11 
+1.22 0.17 ± 0.34 0.28 ± 0.25 0.17 ± 0.21 0.19 ± 0.19 
+2.05 0.06 ± 0.30 0.23 ± 0.19 0.09 ± 0.37 0.27 ± 0.26 
Mean 0.11 ± 0.28 0.23 ± 0.20 0.11 ± 0.39 0.25 ± 0.31 
 
 
To examine the potential effect of fatigue due to repeated binocular accommodative trials 
upon the accommodative/aniso-accommodative response, the response of the dominant and 
non-dominant eye during binocular viewing with symmetrical accommodation demands (a 
2.50 D demand for each eye) was measured before, during and after the series of 
randomised binocular aniso-accommodative measurement conditions.  Repeated measures 
ANOVA revealed a significant effect of time upon the accommodative response (power 
vector M) (F2, 16 = 4.62, p = 0.02), however, this change manifested as only a small increase 
in accommodation between the before and after measurement sessions (a mean increase in 
accommodation for all eyes of 0.16 ± 0.21 D).  There was no effect of time of measurement 
upon the aniso-accommodative response (Eye by Time interaction, F2,16 = 0.48, p = 0.58).  
That is, while the accommodative response increased slightly following the measurement 
protocol (i.e. the lag diminished), the effect was similar between the dominant and non-
dominant eyes.  Without any aniso-accommodative stimuli in place (i.e. a 2.50 D 
accommodative demand for each eye), the mean interocular difference in the 
accommodative response between the fellow eyes was small; relative 0.07 ± 0.20 D and 
absolute 0.16 ± 0.14 D averaged over the three measurements conducted before, during 
and after binocular accommodative testing.
  
Figure 3.  The mean accommodation response of the dominant (squares) and non-dominant eye (circles) under binocular viewing conditions.  
(A) The accommodation demand of the dominant eye was altered and the accommodation demand of the non-dominant eye remained constant 
(2.50 D).  (B) The accommodation demand of the non-dominant eye was altered and the accommodation demand of the dominant eye 
remained constant (2.50 D).  The solid black line represents the optimal accommodative response for the dominant eye and the dashed line 
represents the optimal response for the non-dominant eye.  Error bars represent the standard deviation of the mean. 
Discussion 
This is the first study to objectively examine the symmetry of accommodation between the 
dominant and non-dominant eyes of young isometropes in detail; under monocular and 
binocular viewing conditions with imposed short-term aniso-accommodative stimuli and 
symmetric convergence.  The main finding of this study is that the mean interocular 
difference in the accommodative response was typically ≤0.25 D and did not vary with 
increasing accommodation demand or laterality of the altered accommodative demand, that 
is; systematic aniso-accommodation was not observed.  The lack of aniso-accommodation 
greater than 0.25 D is in general agreement with a number of early studies which examined 
the symmetry of accommodation between fellow eyes (disregarding ocular dominance) 
during imposed anisometropia; mean (right-left) interocular differences in accommodation of 
up to 0.25 D averaged over a range of aniso-accommodative stimuli (typically in the range of 
0.25 to 1.00 D).2  These studies used a variety of experimental designs including; symmetric 
and asymmetric convergence positions and objective and subjective measurement 
techniques and are consequently difficult to compare, suffice to say that any interocular 
differences that were detected in these studies were small. 
 
A consistent finding in our study was a small (~0.12 D) but statistically significantly greater 
accommodative response in the dominant eye compared to the non-dominant eye during 
binocular viewing conditions, irrespective of the magnitude of the interocular difference in 
accommodative demands, or the laterality of the imposed defocus which altered the 
accommodative demand.  Previous studies of both adults20 and children21 have shown that 
the dominant sighting eye modulates the accommodative response during monovision 
correction (i.e. imposed myopic defocus in the non-dominant eye).  Our findings are 
consistent with this previous work in that the dominant eye always displayed a greater (more 
accurate) accommodative response compared to the non-dominant eye, however, we also 
observed this for imposed hyperopic defocus, and irrespective of which eye the defocus was 
imposed upon.  Our results also agree with Yang and Hwang22 who compared the 
interocular equality of accommodation in children with intermittent exotropia, without 
amblyopia or anisometropia.  They observed that under monocular viewing conditions, the 
dominant and non-dominant eyes of intermittent exotropes both showed a small lag of 
accommodation of similar magnitude; however, during binocular fixation, most children 
displayed a greater lag of accommodation in the non-dominant eye compared to the fellow 
dominant eye.  Anisometropic participants were specifically excluded from our current study 
since they are habitually exposed to unequal accommodative demands and may have a 
predisposition towards aniso-accommodation.23  Further investigations of the binocular 
accommodative response in anisometropes exposed to asymmetric accommodative 
demands would be of interest, despite the fact that the monocular accommodative response 
appears to be symmetrical in anisometropes.16 
 
Previous subjective and objective methods used to examine the accommodative response to 
aniso-accommodative stimuli have shown a mean difference of 0-0.50 D between right and 
left eyes, with some studies reporting individuals exhibiting up to 1.5-2.0 D aniso-
accommodation.10  These findings may be a result of true aniso-accommodation, possibly as 
a result of prior training (e.g. Marran and Schor10 allowed participants unlimited training to 
demonstrate aniso-accommodation and up to 3 minutes to initiate an aniso-accommodative 
response during experimental testing), or a habitual state of asymmetric accommodative 
demands such as anisometropia.  However, our results suggest that the accommodative 
response in isometropes without prior training and a limited time to adapt to the asymmetric 
stimuli (less than 10 seconds) is largely consensual.  Conflicting evidence exists from both 
animals and humans as to whether the accommodative response under imposed 
anisometropia is an average or compromise between the two demands,10,11 or corresponds 
to the lower9 or higher20,21 of the two demands.  We observed that during binocular viewing 
with asymmetric accommodative demands, both eyes typically displayed a lag of 
accommodation (under accommodation relative to the lowest demand in both eyes) as 
previously described by Flitcroft et al12 in both monkeys and humans, with the dominant eye 
showing slightly less inaccuracy (by ~0.12 to 0.25 D). 
 
Subjectively measured monocular amplitudes of accommodation (mean relative interocular 
difference -0.03 ± 0.66 D) did not vary significantly between the dominant and non-dominant 
eyes.  Momeni- Moghaddam et al24 recently reported that the dominant sighting eye 
displayed a greater amplitude of accommodation in isometropic young adults (0.32 ± 0.75 D 
greater), however this interocular difference equates to a between eye difference of ~2 mm 
using the push-up technique, and may be a limitation of measurement accuracy.  Using an 
objective technique (an open field autorefractor), the interocular difference in the monocular 
accommodative response in our participants did not vary with increasing accommodative 
demands (mean relative interocular difference for all accommodation demands 0.01 ± 0.06 
D), similar to the interocular difference in the lag of accommodations observed by Momeni-
Moghadam et al24 using MEM retinoscopy (-0.02 ± 0.11 D). 
 
The best sphere M increased significantly with increasing accommodation demand under 
both monocular and binocular viewing conditions.  Under monocular viewing conditions, a 
lag of accommodation was observed in both the dominant and non-dominant eye for all 
accommodation demands which increased with greater demands.  The monocular 
accommodative response observed in our participants is comparable to that previously 
reported in a cohort of adults (18-37 years) using a similar experimental set up.25  Taylor et 
al25 also used a Shin-Nippon open field autorefractor to measure the accommodative 
response while participants viewed a target at one metre through an aperture positioned at 
19 cm from the eye surrounded by a black field to remove other possible accommodative 
stimuli.  The relatively high lags of accommodation noted by Taylor et al25 and in our study 
may reflect the restricted peripheral cues to depth that were present in subjects’ field of view 
in both experiments.  An increased lag of accommodation may also be associated with the 
Shin-Nippon autorefractor’s measurement method.  The instrument samples the eye’s optics 
in the periphery of the pupil (>2.9 mm diameter)26 and would therefore tend to over-estimate 
the lag due to the natural negative spherical aberration present during accommodation.27 
 
Astigmatic power vectors J0 and J45 remained relatively stable with increasing 
accommodation demand; mean absolute astigmatic change of 0.06 ± 0.03 DC for all 
monocular conditions and 0.04 ± 0.03 DC for all binocular conditions.  Similarly, the change 
in astigmatic power vectors did not vary significantly between eyes for all levels of 
accommodation, or with respect to the laterality of the altered accommodation demand.  To 
our knowledge this is the first study to examine the symmetry of the change in astigmatism 
during accommodation between the fellow eyes.  Small increases in astigmatism during 
accommodation (up to 0.40 DC per dioptre of accommodation) have been reported 
previously in young adults with a variety of refractive errors,28 and our results fall within the 
lower limits of this range.  Our participants all had low levels of habitual astigmatism (≤0.50 
D) almost entirely corrected during testing (mean residual astigmatism <0.20 D) to ensure 
that the accommodative response was not potentially biased by pre-existing adaptation to 
meridional blur exhibited by some astigmats29 or conflicting accommodative stimuli between 
meridians.30  Our results suggest that changes in astigmatism do not contribute to an aniso-
accommodative response in the presence of asymmetric accommodative demands. 
 
Another factor that could potentially influence the aniso-accommodative response is induced 
aniseikonia (an interocular difference in retinal image size) as a result of the imposed 
anisometropia, particularly due to the large vertex distance used in this experimental set up 
(18 cm), which would result in approximately ±0.3x image magnification for ±1.50 D trial 
lenses.  Banks et al31 reported that altered retinal image size influences ocular dominance 
status during asymmetric convergence from the mid-sagittal plane, however, Bharadwaj and 
Candy32 observed that lens induced aniseikonia up to 11% did not influence accommodation 
or vergence in adults.  Since the dominant eye displayed a small but significantly greater 
accommodative response under binocular viewing conditions (with symmetrical vergence 
demands) irrespective of which eye received the monocular defocus, it is unlikely that the 
induced aniseikonia significantly influenced the results of this study. 
 
Given that a greater lag of accommodation (under accommodation resulting in hyperopic 
defocus during near tasks) has been observed in myopes compared to emmetropes,33 
interocular differences in the accommodation demand could theoretically provide a stimulus 
to asymmetric myopic eye growth based on the theory of retinal imaged mediated eye 
growth.  While the magnitude of such an interocular difference in retinal blur required to 
initiate asymmetric eye growth is unknown (as a result of asymmetric accommodation 
demands), chronic imposed myopic defocus in children (of ~2 D) has been shown to induce 
axial anisometropia.21  While off-midline fixation does induce an asymmetric accommodation 
demand, if the eyes remain centred on the reading task, over time the defocus experienced 
in one eye will also be experienced in the fellow eye in the opposite direction of gaze.  Based 
on the lack of an aniso-accommodative response observed in our participants, individuals 
with a habitual head turn or tilt or an occupation specific visual posture, which restricts the 
eyes from remaining centred over a near task,23 might be more vulnerable to myopia 
development in the non-dominant eye, which typically lags behind the dominant eye slightly 
during binocular viewing for all aniso-accomomdative demands.  The results from Marran 
and Schor’s study10 suggest that aniso-accommodation is possible (for some) following 
training or longer periods of viewing unequally blurred near targets.  Therefore, individuals 
with abnormal visual postures may exhibit adaptation (i.e. develop some level of aniso-
accommodation over time).  However, the results of prior studies provide conflicting 
outcomes with the dominant sighting eye in myopic anisometropia typically being associated 
with greater myopia in Asian adult populations15 but with less myopia in Europeans.34  
A limitation of our study was the use of a single test of ocular sighting dominance, which was 
administered only once.  We chose the hole-in-the-hand test since it is the most commonly 
used clinical method to determine ocular dominance with moderate test-retest agreement35 
and is a forced choice method, which yields a definite response.  However, ocular 
dominance or fixation preference has been shown to vary dependent upon the clinical 
technique used.  More sophisticated techniques examining both ocular sighting and sensory 
dominance (with repetition) would have provided greater confidence in the determination of 
our participant’s dominant eye. 
 
In summary, both eyes of young, healthy isometropic participants displayed a similar 
(consensual) lag of accommodation under monocular and binocular viewing conditions, with 
the dominant eye showing a consistently, small but significantly greater accommodative 
response (by up to 0.25 D), irrespective of the laterality of imposed blur.  While asymmetric 
accommodation may be possible during binocular viewing with training, in isometropic 
individuals, we observed no evidence of short-term systematic aniso-accommodation, but a 
slightly more accurate accommodative response in the dominant sighting eye for a range of 
accommodation demands and aniso-accommodative stimuli.  Future research examining the 
binocular accommodative response of anisometropic individuals may provide more insight 
into the consensual nature of accommodation and the potential role of ocular dominance in 
association with accommodation and refractive error development. 
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